Abstract. Assessment is one of the most important parts of the education system. The effectiveness of teaching and learning needs to be assessed so that all parties involved in this system can be improved. When "Assessment" is powered with technology and named as "E-Assessment", generating the data to make the necessary improvements in education gets easier. However, as is the case in other fields, technology brings risks and challenges along with its indispensable benefits. This paper provides insights about success factors that are extracted from the literature and validated through a Delphi study. With the participation of eleven experts in two iterative rounds, in addition to the success factors, practicable solutions to achieve success are also collected. The decision makers who plan the implementation and administration processes of E-Assessment can consider the proposed key success factors and the practicable solutions when allocating resources.
Background
The use of technology in educational assessment is quantitatively increasing. In the three decades since the first generation of computer-based tests took place in the United States (US) [1] , many countries have delivered their formative and summative examinations in electronic form (e.g. see [2] for the US; [3] for the UK; [4] for the Netherlands and [5] for Australia). One of the major international surveys, the 'Programme for International Student Assessment" (PISA), intends to move completely to electronic mode by 2015 although "there are still a lot of open questions to be discussed" [6, p. 7] . E-Assessment can be defined as digitizing any assessment-related activity [7] . E-Assessment can make the whole assessment process more efficient and provides numerous possibilities, which cannot be achieved with traditional paper-pencil assessments. For example, test scores can be received quickly (sometimes almost immediately) [8] , richer assessment data for decision making can be collected [9] and consistency in marking can be ensured [8] .
Considering the benefits and challenges of E-Assessment and also some of the open questions in the field, the study presented in this paper addresses the following questions:
• What are the most important organizational and technical success factors of E-Assessment?
• What is the order of perceived importance of these factors according to experts' opinions?
• What are the practical solutions for achieving the proposed success factors?
This empirical study will validate the relevance of identified success factors and explore new and context-specific ones. Thus, decision makers who plan the implementation and administration processes of E-Assessment can utilize the identified and ranked success factors in this study while allocating resources for their projects.
Methodology

Data Acquisition: The Delphi Method
The Delphi method has been applied in a wide variety of fields [10] as a decision making tool to deal with complex problems [11] . It is an approved technique in information systems research [12, 13] and has been used broadly "to identify and rank key issues for management action" [14, p. 763] which is one of the objectives of this study. In spite of the different applications of the method, there are three common features of Delphi procedures identified by Dalkey (1969) : anonymity; statistical group response' and iteration with controlled feedback [15] . Participants are kept anonymous from each other so they are not affected by dominant respondents [10] . Because participants are not anonymous to the researcher, the answers can be tracked in case follow-ups are needed [10] . Individual contributions are aggregated and the group's judgment is assessed through statistical procedures in order to ensure the reliability of the results [16] . The iterative process is built by basing each round on responses to the preceding round. Feedback is given to the group at each round with a summary of the results and respondents have a chance to revise their answers by considering the group's views on the subject [10] .
Delphi administration:
The Delphi process usually has four phases which can be summarized as exploration of the subject, understanding the view of the group, resolving significant disagreements and final evaluation [11] .
For the first phase of the study, to explore the subject, an initial set of success factors was identified through a literature review. Journal, conference and workshop papers, technical reports and books were collected using the search term "E-Assessment" and other relevant terms (e.g. "computer-based test", "online assessment", "technology-based assessment") on online databases. The criteria for the document selection were that these documents had some relevance to the implementation of E-Assessment with the focus of organizational and/or technical issues.
In the second phase, views of experts were collected through an online questionnaire. Participants were asked to rate the importance of values of success factors based on a 5-point Likert scale ranging from "Unimportant" to "Very important". Respondents were also asked to add key components for each success factor.
The second iteration was based on the results of the first one and used to resolve disagreements and improve the reliability of the results.
In the final phase, the results of the two rounds of questionnaires were analyzed and documented.
Identification of the experts:
The participant selection criteria for this study were that the candidates would either have relevant publications or have been actively involved in a number of relevant projects.
Eleven out of eighty expert candidates initially contacted participated in the study. Delphi studies, differently from traditional surveys, do not depend on representative sample size since they require contributions of qualified experts who have deep knowledge on the subject [10] . For this reason, eleven was considered reasonable and invitations to the second round were only sent to those experts who took part in the first round.
Data Analysis
"There are many different views on what are the 'proper', 'appropriate', 'best' and/or 'useful' procedures for accomplishing the various specific aspects of Delphi" [11, p. 3] . It has been suggested that consensus can be determined by examining the aggregate of judgment and the convergence of opinion [17] . In this study, the evolution of consensus between two rounds had been observed as a central tendency and convergence of opinions by checking the movements in mean, median, standard deviation (SD) and percentage response rates [16, 18] . The mean, as a measure of central tendency, represents the group opinion. The standard deviation, as a measure of spread, represents the disagreement level [18] . High SD values mean high disagreement. Percentages for each level of the importance scale are used to assess convergence of responses.
Qualitative coding [19, p.81 ] (using both deductive [19] and inductive [20] approaches) was used to analyze the free-text responses in order to expand the list of success factors and their key components by deriving new elements from the dataset.
Initial Set of Success Factors
In this section, the initial set of success factors which formed the base of the first round questionnaire is explained. Short descriptions and some of the practical solutions resulting from the literature review are presented for each success factor. Organizational factors tend to deal with managerial issues such as policy, planning, structure and human resources. However, technical factors tend to deal with specification, acquisition, development, use and protection of hardware and software tools.
Organizational Success Factors
Human Resources: Specifying roles and responsibilities of personnel is a 'must' for the success of computer-based assessment systems [21] . Cooperation among assessment, learning and technology staff was indicated as an important driver in successful E-Assessment implementation [22] . Training has also been pointed out as one of the most important tasks [8, 22] .
Institutional Support: Effectiveness is dependent on institutional support [23] .
Funding is inevitably required [24] .
Administration Support: Technical support should be given throughout the assessment process [25, 26] . A "Service Center" can help to solve technical problems quickly and prevent further issues, possibly via telephone [27, 28] . Documentation such as administration manuals and quick reference sheets can be disseminated to help out with common technical issues [27].
Risk Management:
Managing risks has paramount importance [21] . Pilot tests can be used to identify and analyze the risks [21, 27] and emergency plans can be formulated [22] . Having spare computers and paper-based options is suggested [21, 25] .
Continual Improvement: The effectiveness of E-Assessment projects is dependent upon "a long range plan for sustainability" [23, p. 16] . Stakeholders' and examinees' needs should be considered to make improvements in the E-Assessment system. Service center call logs can be analyzed to get the recommendations for changes and improvements; also post administration surveys can be conducted to directly ask for suggestions [29] .
Technical Success Factors
Assessment System Features: The features of E-Assessment software tools affect all phases of the assessment process [8, 30] . The assessment software platform should support the design of a variety of question types and be an open source platform which is available for free use [30] . Collected data must not be lost in case of any system failure [2, 31, 32] .
Testing Room: "An obvious but nevertheless important need for computer-based tests is the test administration sites" [32, p. 2] . It should be quiet and comfortable [5, 22, 33] . Proper lighting is needed to prevent glare on the computer screens [22, 24] .
Connectivity: Adequate bandwidth is one of the crucial factors [22, 28, 29] . A wired internet connection is recommended for reliability [31, 33] . In order to deal with low bandwidth, local caching software is used [28, 33] or the data are downloaded on to PCs [34] .
Security: Ensuring security is critical [30, 35] . Assessment data including personal registration information, questions and scores need to be secured throughout the administration [4, 27, 31, 35] . Secure authentication [4, 34, 35] and protection against viruses and hacking attempts [26, 34] are of utmost importance.
Interoperability: "Interoperability is about portability" [22, p. 18 ]. E-Assessment materials must be portable between different platforms and learning management systems [8, 26] so assessment resources can be shared and reused [22] .
Accessibility: Accessibility has to be taken care of [9, 27, 35] . Necessary accommodation should be provided including extra time [9] , Braille versions [9] , alternative hardware [32] and software adjustments [27] . The design of the E-Assessment project must comply with legal requirements [26] .
Usability: Ease of use of the E-Assessment system is another crucial factor [32, 34] . An intuitive interface design is needed for non-technical personnel in item authoring [30] . Also, examinees should be able to concentrate on the test items instead of spending time understanding how to navigate or how to indicate a response [32] .
Findings
Participants' Profile
The E-Assessment project directory (see http://www.dur.ac.uk/smart.centre1/jiscdirectory/page_06.htm ) , which was used to recruit some of the candidates, mostly consisted of projects in the United Kingdom (UK). Therefore, not very surprisingly, almost all of the participants (10 out of 11) are academics who work in universities in the UK. Only one participant works in a research centre in Greece and all participants except one practitioner have several publications in the field. The expert panel is very homogeneous and the results of the study largely reflect a UK perspective. In their publications, they summarize their work in relevant projects or effective and innovative practices of E-Assessment in other projects through case studies. Some of the publications are literature reviews which are the proof of participating experts' theoretical knowledge in the field. One of the participants conducted an adapted version of a Delphi study in 2006 as a forecasting method to probe visions about the future of E-Assessment [21] . A few other participants have been involved in some projects of the Joint Information Systems Committee (JISC) (e.g. E-Assessment glossary [36] , Case studies on effective practice with E-Assessment [37] , Case studies on advanced E-Assessment techniques [38] , and A guide to technology-enhanced assessment and feedback [3] ).
Ranking
According to the results of the second round, the five most important success factors are Security, Assessment System Features, Accessibility, Institutional Support and Connectivity. Institutional Support is the only organizational factor among the top 5 most important success factors, and in contrast to the findings of Conole and Warburton (2011), the experts in this study found technical factors outweigh organizational issues [8] . The rankings of the success factors for both rounds are presented in Table 1 . For all of the success factors, the SD values were either the same or decreased in the second round compared to the first. This confirms the evolution of consensus between successive rounds.
There are slight decreases in the mean ratings of almost half of the success factors. Nevertheless, on average, respondents perceived the proposed success factors important for implementing E-Assessment projects. When the respondents were asked to comment on the ranking based on the first questionnaire results, they reflected that the ranking was generally fair.
Based on participants' comments on the definitions of success factors, Administration Support was split into two factors as Administrative Support and Technical Support. Notes: SD: Standard deviation; N.R.: Not rated. The items are ordered by mean first, then by median and then by SD in the case of ties. 0=Unimportant, 1=Of Little Importance, 2=Moderately Imp., 3=Important, 4=Very Imp.
Discussion
In the following section, the details of the results, key components and practical solutions, are presented in Tables 2 to 6 , showing the results of the literature review and the Delphi study. The list of items in these tables can be used as a checklist for improving the success of E-Assessment implementations.
Top Five Success Factors
Security: Security was ranked as the most important success factor in both rounds. There is neither convergence nor divergence in the distribution of responses because the percentages for each importance level value remained the same. A low SD (0.65) confirms the high consensus on this factor. One of the respondents pointed out that Security is essential for the entire process to be stable and another noted that Security "leads to confidence in the system". It was also highlighted that the importance given to Security depends on whether the test is summative or formative. For formative low stakes assessments where providing feedback is the main goal, some security issues remain important but they are not as vitally important as in summative tests. 
Key Components Practical Solutions
Secure storage & transmission of data Note: Items with ** were mentioned by experts and in the literature; items with * were mentioned only by experts; and the rest of the items were mentioned only in the literature.
Assessment System Features:
In the first round, respondents were asked to rank Usability as a separate success factor from Assessment System Features but the answers to open-ended questions suggested a merge between these two factors. In the second round, Usability was presented as a key component of Assessment System Features and ranked as the second most important success factor. This might be caused by the merging, since Usability was also ranked high in the first round. The low SD values of both rounds show that there is high consensus on the importance of ratings for this factor. The importance of usability features for authors was emphasized by the respondents. They noted that scheduling, easy marking and reporting features would make life easier for authors. A wide variety of question types and flexibility were also mentioned as important components of E-Assessment systems by five participants. Accessibility: Accessibility shows a rather divergent response pattern. The responses range between "Very Important" and "Of Little Importance". A slightly high SD (0.98) is also a sign of low consensus. Nevertheless, it was ranked in the third position due to its high mean value. Three respondents stated that they expected to see Accessibility in a higher order when they were given the results of the first round. They also added that Accessibility is often neglected. Four respondents highlighted the importance of legal requirements in the UK because institutions have to adhere to the Special Educational Needs and Disability Act while preparing teaching and learning materials [39] . In the first round, Institutional Support was defined as "the top management's support on the implementation". In the second round, when only the collected key components were presented instead of the short definition, one of the respondents commented that "Now I understand that this category includes funding, I think that it is more important than I may have first thought". It is assumed that this was not the case for the other respondents because we would expect an increase in ratings instead of the slight decrease that occurred in the second round. 
Connectivity:
A modest fall in SD values confirms the convergence and thus the evolution of consensus. In the second round, more respondents found Connectivity important and this change resulted with a slight increase in mean rating. In the second round, respondents were presented with the key components of Connectivity (fast response and robustness). Based on their comments in the second round, we can assume that the poor agreement occurred because some of the respondents did not think about these components in the first round. 
Limitations
This study has involved a small sample size and the participant profile is very homogenous (10 out of 11 are from the UK). Therefore the results should be treated with caution. In some Delphi studies participants are recruited from certain countries and they are grouped in panels (e.g. Hong Kong, Finland and US panels in [13] ). The results from each panel are compared and interpretation can be considered accordingly. We can assume that this Delphi study consists of a UK panel and if it is followed by a larger study, the results can be compared with other panels. This research focused on only organizational and technical success factors but with success factors from other dimensions (e.g. pedagogic/psychometric), a bigger picture could be seen.
Conclusions
This study empirically identified and validated the organizational and technical key factors affecting the success of E-Assessment projects. The Delphi method was used to analyze and rank these factors through two rounds of online questionnaires. The data were collected from a panel of experts who had been involved in a number of E-Assessment projects and/or had relevant publications. Eleven experts participated in both rounds. The top five factors among twelve were Security, Assessment System Features, Accessibility, Institutional Support and Connectivity. The expert panel identified a number of key components and practical solutions which were not recognized in the literature review. These findings can assist decision makers when implementing E-Assessment projects and allocating resources.
